In the course of our investigations on certain pharmacological actions of heavy metals, it was observed incidentally that lead greatly increases the susceptibility of the rat to bacterial endotoxins to which this species is otherwise notoriously resistant. For example, a single intravenous injection of lead acetate, at a dose which normally produces no detectable disturbance, regularly makes the rat about 100,000 times more susceptible to the concurrent intravenous administration of Escherichia coli endotoxin.
It is the purpose of this communication to describe the circumstances under which this increased susceptibility can best be obtained. Special attention will be given to the possible participation of the reticuloendothelial system, which is known to play an important part in the defense against bacterial endotoxins.
MATERIALS AND METHODS
Female Sprague-Dawley rats of the Holtzman farms, with a mean body weight of 100 g (90 to 110 g), were subdivided into equal groups of 10 animals each and treated as indicated in Tables 1 to 6 . The following compounds were used: agar, USP (Brickman Co., Montreal, Quebec, Canada); bismuth trichloride (BiCL.H20; Fisher Scientific Co., Fair Lawn, N.J.); carboxymethylcellulose (Nordic Biochemicals Ltd., Montreal, Quebec, Canada); cerium trichloride (CeCh6-7H20; Fisher Scientific Co.); chromium chloride (CrCl3.6H20; Fisher Scientific Co.); Collargol (colloidal silver 70%; Siegfried S. A., Zofingue, Switzerland); egg yolk (50% suspension of hen's egg yolk in distilled water, filtered through three layers of The results are summarized in Table 1 , which also lists the individual dosages of the endotoxin preparations, the percentage of mortality, and the mean intensity of the organ lesions (graded as outlined under Materials and Methods). Control experiments performed under otherwise similar conditions in rats not sensitized with lead acetate showed that none of the endotoxin preparations used here produced any mortality or organ lesions at the same dose level. Indeed, the purified endotoxins given to groups 2 to 5 elicited little if any mortality, even when administered in doses of 100 ,ug, whereas the mixed fecal flora preparations (whether fresh or boiled) were well tolerated in concentrations as high as 5 to 10%.
It is evident from Table 1 that a dose of lead acetate which, in itself, produces no mortality or detectable organ lesion causes the rat to become highly sensitive to minute amounts of various endotoxins which are normally well tolerated. Organ lesions elicited by the endotoxins in the lead acetate-sensitized animal were essentially the same, irrespective of the type of endotoxin used. The spleen almost invariably exhibited numerous hemorrhages accompanied by thromboses of its veins. In the kidney, we found fibrin thromboses in the glomerular capillaries, often associated with hemorrhagic necrosis of the medium-sized and small arterioles, as well as occasional thrombus formation in the afferent glomerular vessels. At the same time, there was renal cortical necrosis with intense venous engorgement of the medulla. Thus, the renal changes were virtually identical with those characteristic of the general Sanarelli-Shwartzman phenomenon. Massive hemorrhages were also found around the branches of the portal vein in the hepatic hilum and less frequently in the heart and thymus ( Fig. 1 to 3 ). "Critical period." Our next problem was to determine the length of the "critical period" during which lead acetate can increase susceptibility to a preceding or subsequent endotoxin injection. For this purpose, seven groups of rats were sensitized with 5 mg of lead acetate; in addition, all of them received 1 ,ug of E. coli 08 endotoxin at various times before, simultaneously with, or after the lead acetate. In Table 2 , the time of lead acetate injection is taken as "O hr," and the preceding and following hours are designated as "-" and "+," respectively.
The highest mortality and the most pronounced organ changes occurred in the case of simultaneous treatment with lead and endotoxin (Table 2) . However, severe lesions and a comparatively high mortality were also noted when the endotoxin was administered 1 hr before or up to 7 hr after the lead.
Minimal effective dose of endotoxin. In the preceding experiments, we arbitrarily used 1 ,ug of the various purified endotoxin preparations, since this dose is perfectly tolerated by normal rats, but highly pathogenic to animals pretreated with lead acetate. To establish the minimal amount that exhibits toxicity after sensitization, rats were treated with descending doses of E. coli 08 endotoxin (Table 3 ) always given intravenously in 1 ml of distilled water. The first two groups were not sensitized and acted as controls; As shown in under otherwise identical conditions, a number of additional predominantly metallic compounds were tested, many of which are known to share certain pharmacological actions of lead in that they affect blood clotting, calcification, or the reticuloendothelial system. Intravenous injections of 1 ,ug of E. coli 08 endotoxin in 1 ml of distilled water were given to 19 groups of rats immediately after the administration of compounds whose potential sensitizing action was to be determined. Pb-acetate, ScCl3, CeCl3, LaC13, NdCl3, FeCl3, BiCl3, ThC14, Th(NO3)4, ZrOCl2, and CrCl3 were each administered intravenously in a dose of 5 mg in 1 ml of distilled water. However, since FeCl3 is poorly tolerated, it was given in two portions of 2.5 mg each at 30 min before and immediately preceding the endotoxin. Agar (2 mg), ZnCl2 (2.5 mg), Ga2(SO4)3 (10 mg), HgCl2 (50 ,ug), and polyanetholesulfonic acid VOL. 91, 1966 sodium salt (500 ,ug) were also given in 1 ml of water. India ink (30%) and ferric oxysaccharate or "Fe-OS" (in an amount corresponding to 10 mg of metallic iron) were both given in 0.5 ml. Thorium dextrin was injected in 0.2 ml corresponding to 5 mg of thorium dioxide. Control experiments performed simultaneously on another 19 groups of rats showed that, when administered by themselves, these doses of most of the potentially sensitizing compounds are tolerated, but that they are close to fatal, several of these agents causing mortality, even without additional endotoxin treatment.
Among all the compounds listed, only ScCl3 and Th(NO3)4 approximated the sensitizing potency of lead acetate when given at a dose causing no mortality without endotoxin ( Table  5 ). The other compounds had little or no effect, and, even though mortality occurred in some groups, the associated organ lesions were qualitatively unlike those produced by heavy overdosage with endotoxin in the normal rat or by small doses of endotoxin after sensitization with lead acetate. It would be beyond the scope of this communication to give a detailed description of all the pathological changes observed, but, since the characteristic splenic thromboses and renal lesions were almost invariably absent here, it may be concluded that none of these compounds equals-and only ScCl3 and Th(NO3)4 approximate-the effect of lead acetate as a sensitizer for endotoxin.
Specificity of endotoxin action. Since endotoxins are known to interfere with the function of the reticuloendothelial system, we had to establish whether nonmicrobial reticuloendothelial blocking agents would also become highly toxic after pretreatment with lead acetate. For this purpose, 10 groups of rats were pretreated with intravenous injections of 5 mg of lead acetate in 1 ml of distilled water. Immediately afterwards they received, again intravenously, aqueous preparations (solutions or suspensions) of: Fe-OS (100%, 0.3 ml), thorium dextrin (100%, 0.2 ml), India ink (30%, 0.5 ml), agar (2 mg, 0.2 ml), polyanetholesulfonic acid sodium salt (500 ,ug, 0.2 ml), carboxymethylcellulose (5%, 1 ml), egg yolk (50%, 1 ml), trypan blue (100 ug, 1 ml), ferric dextran (1 mg of elementary iron, 1 ml), and colloidal silver 70% (1 mg in 1 ml of 5% glucose). Control experiments (not reported here in detail) had shown that in every case the amounts of the reticuloendothelial blocking agents employed here were close to the maximal dose that can be administered safely. The same lead acetate treatment increased the toxicity of E. coli endotoxin about 100,000-fold; hence, if lead had acted merely by raising sensitivity to reticuloendothelial blocking agents in general, combined treatment with lead acetate and the blocking agents should have been fatal to virtually all the rats of this experiment.
Only a few of the blocking agents listed in Table 6 caused considerable mortality after pretreatment with lead acetate; these produced only mild organ changes, usually unlike those induced by lead plus endotoxin. Thus, in the present series, the pronounced splenic and periportal hemorrhages, as well as the renal glomerular thromboses (characteristic of endotoxin intoxication after sensitization with lead), were evident only in group 6, which received agar after pretreatment with lead. Even 
